
WO 2009/021186 PCT/US2008/072629  CIRCUIT DEVICE AND METHOD OF MEASURING
CLOCK JITTER BACKGROUND  1. Field [0001] The present disclosure is
generally related to circuit devices and methods of  measuring clock
jitter. II. Description of Related Art [0002] In general, the temporal
stability of a clock signal within a circuit device can  impact
performance, particularly within synchronous digital circuit devices.
Short- term clock fluctuations, or clock jitter, can degrade system
performance due to a  hazard of timing constraint violations. Clock jitter
introduces a parametric yield  limitation in circuit devices, because the
clock jitter affects the maximum frequency at  which core processors can
operate. Conventionally, a reduction in the processor  frequency can be
difficult to measure accurately, in part, because insertion of  measurement
points may also perturb the clock signal. For example, external test
probes measuring clock jitter may perturb the clock signal by introducing
capacitances, inductances, impedance mismatches, and other anomalies that
can  introduce additional clock fluctuations. [0003] To measure clock
jitter more accurately, on-chip test structures have been  added to circuit
devices. On-chip test structures can include a large number of flip- flops
to capture a clock value at multiple sampling points along a delay chain.
However, to accurately sample the clock signal, a large number of sampling
points  and therefore a large number of flip-flops are used. The large
number of flip-flops  can occupy significant area of the overall circuit.
Further, accuracy associated with  such test structures is typically
limited to the insertion delay of each element of the  delay chain. For
example, if each element in the delay chain has a 20-picosecond  delay, the
accuracy of the measurement taken between elements in the delay chain  may
be limited to plus or minus 20 picoseconds. In processor circuits that
operate at  frequencies in excess of a one Gigahertz, a 40-picosecond delay
margin can represent  a significant amount of uncertainty in the detected
clock jitter, which may be  addressed by adding an operating margin that is
greater than the detected clock jitter -1 WO 2009/021186 PCT/US2008/072629



uncertainty margin. This operating margin limits the. frequency at which
the circuit  device can operate. [0004] Further, once clock jitter in a
particular circuit design is measured, it remains  difficult to determine
whether a design change may reduce jitter. While an excessive  jitter
margin may increase area usage of a circuit substrate, increase power
consumption, and increase a time to market for a particular design, an
insufficient  jitter margin may result in reduced quality and increased
number of failures or  reduced yield. Hence, there is a need for improved
circuit devices and methods of  measuring clock jitter. SUMMARY  [0005[ In
a particular embodiment, a method is disclosed that includes sending a
clock signal along a delay chain of a circuit device and determining a
value of the  clock signal at a selected point within the delay chain. The
method also includes  adjusting the location of the selected point when the
value does not indicate detection  of a desired portion of the clock
signal. [0006] In another particular embodiment, a circuit device is
disclosed that includes a  delay chain composed of multiple delay elements.
The delay chain is responsive to a  clock signal. The circuit device also
includes a logic circuit and a hierarchical  multiplexer circuit with
multiple inputs responsive to the delay chain. The logic  circuit controls
the hierarchical multiplexer to determine a value of the clock signal at  a
selected point within the delay chain and to adjust the selected point when
the value  does not indicate an edge of the clock signal. [0007] In still
another particular embodiment, a method is disclosed that includes
receiving a clock signal at a delay chain of a circuit device and
determining a location  of an edge of the clock signal within the delay
chain to determine a clock period.  Locating the edge of the clock signal
includes iteratively determining a value of the  clock signal at a selected
point within the delay chain and adjusting the selected point  until the
value indicates an edge of the clock signal. The method also includes
comparing the location of the edge of the clock signal with a location of
an edge of a  nominal clock signal to determine a clock jitter measurement.
[0008[ In yet another particular embodiment, a processor device is
disclosed that  includes means for passing a clock signal along a delay
chain of a circuit device and  -2 



WO 2009/021186 PCT/US2008/072629  means for determining a value of the
clock signal at a selected point. The processor  device also includes means
for adjusting the selected point when the value does not  indicate an edge
of the clock signal. [0009] One particular advantage provided by
embodiments of the clock jitter  determination circuit is provided in that
the clock jitter determination circuit achieves  high accuracy in
determining clock jitter, allowing designers to set a smaller clock  jitter
margin to enhance operating clock speeds for circuit devices. [0010]
Another particular advantage is provided in that the clock jitter
determination  circuit occupies a smaller area of the overall circuit and
consumes less operating  power than jitter compensation circuits and/or
conventional clock jitter determination  circuits. [0011] Yet another
particular advantage is provided in that the clock jitter  determination
circuit is adapted to measure jitter over long periods of time on
processor cores that are executing various applications. [0012] Another
particular advantage is provided in that the clock jitter determination
circuit can operate without calibration. [0013] Another advantage is
realized in that the clock jitter determination circuit does  not require
analog circuit components. [0014] Other aspects, advantages, and features
of the present disclosure will become  apparent after review of the entire
application, including the following sections: Brief  Description of the
Drawings, Detailed Description, and the Claims. BRIEF DESCRIPTION OF THE
DRAWINGS [0015] FIG. 1 is a graph illustrating a clock signal that includes
timing uncertainty  due to jitter; [0016] FIG. 2 is a block diagram of a
particular illustrative embodiment of a circuit to  measure clock jitter;
[0017] FIG. 3 is a block diagram of a particular illustrative embodiment of
a circuit  device including a circuit to measure clock jitter; [0018] FIG.
4 is a timing diagram illustrating edge detection of a clock signal using
the circuits shown in FIGS. 2 and 3; -3 WO 2009/021186 PCT/US2008/072629  



[0019] FIG. 5 is a timing diagram illustrating edge detection of a clock
signal using the circuits shown in FIGS. 2 and 3 after adjusting the clock
signal timing by a known  delay; [0020] FIG. 6 is a flow diagram of a
particular illustrative embodiment of a method of  measuring clock jitter;
[0021] FIG. 7 is a flow diagram of a particular illustrative embodiment of
a method of  controlling an operating clock of a circuit device based on a
measured clock jitter; and  [0022] FIG. 8 is a block diagram of a
particular illustrative embodiment of a portable  communications device
including a circuit to measure clock jitter. DETAILED DESCRIPTION [0023]
FIG. I is a graph 100 illustrating a clock signal 102 that includes timing
uncertainty due to jitter. The graph 100 includes an x-axis representing
time and a y- axis representing a logic level or voltage level. It should
be understood that the time  axis may indicate time in units of circuit
delay, units ofabsolute time (such as  nanoseconds), other units, or any
combination thereof. The clock signal 102 has a  nominal clock period 106
and has a detected clock period with jitter 108. In general,  clock jitter
is a distortion in clock cycle and phase difference accumulated over time,
such that the clock edge (rising edge, falling edge or both) may be
distorted, or may  arrive early or late relative to an expected nominal
clock edge. Early rising clock  edges caused by jitter are generally
indicated by reference numerals 104 and 112 and  a delayed clock edge is
generally indicated by reference numeral 110. [0024] In general, the clock
signal 102 may include multiple potential transitions  from a logical low
level to a logical high level, as generally indicated by the line 104  and
the line 110. The clock signal 102 also includes a transition from a
logical high  level to a logical low level. In addition, a subsequent
transition from the logical low  level to the logical high level is shown
at 112. While the clock signal 102 may have a  nominal clock period 106,
the actual clock period may vary depending on the various  potential edge
transitions and delays associated with such transitions (i.e., based on
the jitter). In this instance, the detected clock period with jitter 108
represents a worst  case clock jitter where the detected clock period is
shorter than the nominal clock  period, which, in conventional systems,
could result in data transition errors due to -4 WO 2009/021186
PCT/US2008/072629  



clock jitter, unless the designer had built in an operating clock margin to
account for  such clock jitter. [0025] In general, the jitter described
with respect to FIG. 1 is related to a difference  between an expected
nominal clock period (from a rising edge of a first nominal clock  pulse to
a rising edge of a next nominal clock pulse) and a determined clock period
(from a rising edge of a received clock pulse to a rising edge of a next
received clock  pulse). However, it should be understood that a clock
jitter value can also be determined from falling edges of the clock signal
or from selected portions of the  clock signal. [0026] Referring to FIG. 2,
a block diagram of a particular illustrative embodiment of  a circuit
device 200 that may be used to measure clock jitter, by determining a clock
period and by comparing the clock period to an expected nominal clock
period. The  circuit device 200 includes a clock input 202, a variable
delay element 204, and a  delay chain 206. The delay chain 206 includes a
plurality of delay elements, which  can be buffers, inverters, other delay
elements, or any combination thereof. In a  particular embodiment, the
delay chain 206 can include a plurality of serially  connected inverters
including the illustrated inverters 238, 240, 242, and 244. The  clock
input 202 is responsive to a source to receive a clock signal, which is
provided  to the delay chain 206 after compensation via the variable delay
element 204. In  general, the series delay introduced by each of the
plurality of series connected  inverters of the delay chain is much smaller
than a nominal clock period (i.e., an  expected clock period). In a
particular illustrative, non-limiting embodiment, the  nominal clock period
may be 1,000 picoseconds and each inverter can represent  approximately a
20-picosecond delay. [0027] The circuit device 200 also includes a
hierarchical multiplexer circuit, which  includes a first tier of one or
more multiplexer circuits, such as multiplexers 208 and  210. The
hierarchical multiplexer circuit also includes a second tier multiplexer
circuit 216, which can be used to determine clock jitter by sampling a
clock signal  within the delay chain 206. Additionally, the hierarchical
multiplexer circuit may  include logic circuit devices, such as one or more
latch elements 212 and 214. In a  particular illustrative embodiment, the
hierarchical multiplexer circuit can include  additional tiers of
multiplexer circuits or logic, such as the multiplexer 222 and latch
element 224. 



-5 WO 2009/021186 PCT[US2008/072629  [0028] The circuit device 200 also
includes a delay chain selection pointer controller 228, which controls the
hierarchical multiplexers. In particular, the delay chain  selection
pointer controller 228 controls the multiplexers 208 and 210 via a control
line 232, controls the multiplexer 216 via a control line 234, and controls
the  multiplexer 222 via a control line 236. The circuit device 200 further
includes a logic  circuit 226 that is responsive to the latch element 224
and that is adapted to determine  an edge of a clock signal at a point
within the delay chain 206. [0029] The logic circuit 226 can provide data
related to the clock signal at the output  246. In a particular
illustrative embodiment, the logic circuit 226 may provide a value  or
other indicator at the output 246 that can be used by software or other
circuitry to  identify a clock period of the received clock signal at the
delay chain 206. In a  particular illustrative embodiment, the logic
circuit 226 provides a delay chain pointer  adjustment 248 (feedback
control signal) to the delay chain selection pointer  controller 228.
Additionally, the logic circuit 226 provides a clock delay adjustment
feedback signal 235 to the variable clock delay element 204. [0030] The
first tier of multiplexers, such as the multiplexers 208 and 210, include
multiple inputs coupled to different points in the delay chain 206 and are
controlled  by the delay chain selection pointer controller 228 to
multiplex values from respective  points in the delay chain 206. For
example, the multiplexer 208 may be controlled by  the delay chain
selection pointer controller 228 via the control line 232 to multiplex
(sample) the value of a clock signal at a point between delay elements 238
and 240.  The multiplexer 210 can also be controlled by the delay chain
selection pointer  controller 228 via the control line 232 to sample the
value of the clock signal at a  point between delay elements 242 and 244
within the delay chain 206. The  multiplexer 208 provides the sampled value
to the latch element 212 and the  multiplexer 210 provides the sampled
value to the latch element 214. [00311 Tn general, each of the serially
connected inverters (buffers or other delay  elements) of the delay chain
206 performs the function of a delay element and each  has a pre-determined
nominal delay associated with data passing through the inverter.  In a
particular illustrative, non-limiting embodiment, the nominal clock period
may be  1,000 picoseconds and each inverter can represent approximately a
20-picosecond  



delay. Using the delay chain 206 to measure clock jitter, the delay
represented by  each inverter determines a granularity of the measurement
(i.e., an error margin for a  given sample). For example, in a particular
illustrative embodiment, a measurement -6 WO 2009/021186 PCTIUS2008/072629
taken between two delay elements is known to an accuracy of approximately
plus or  minus 20 picoseconds (i.e., an error margin of approximately 40
picoseconds). The  variable clock delay 204 can be controlled by the logic
circuit 226 via the clock delay  adjustment feedback signal 235 to insert a
known time offset to the clock signal at the  input of the delay chain 206,
such that the resolution of the delay chain 206 can be  made more precise
for the purposes of determining clock jitter. For example, if the  sampling
point between the inverters 238 and 240 represents a period of time of 40
picoseconds from the beginning of the delay chain to the sampling point,
the variable  clock delay 204 can introduce a 5-picosecond delay that
adjusts the total insertion  delay to the sampling point, such that the
period of time for the signal to propagate to  the sampling point at the
output of the inverter 240 represents 45 picoseconds. Thus,  the
granularity of the particular clock edge determination can be enhanced to
more  precisely determine the clock period. [0032] In a particular
illustrative embodiment, a clock signal received at the clock  input 202 is
received at the delay chain 206 of the circuit device 200. The delay chain
selection pointer controller 228 controls the first tier of the
hierarchical multiplexer,  such as the multiplexers 208 and 210, to sample
a point within the delay chain 206. In general, the multiplexers 208 and
210 include a plurality of inputs that are  responsive to a plurality of
outputs of the delay chain 206. Each of the plurality of  outputs of the
delay chain 206 corresponds to a respective output of one of the delay
elements, such as the illustrated invertors. [0033] The clock signal is
sampled at a selected point within the delay chain 206.  The selected point
within the delay chain 206 may represent a clock edge of a clock  having a
nominal or expected clock period. Alternatively, the selected point may
represent an edge for a clock having a clock period that is greater than
the nominal or  expected clock period. The delay chain selection pointer
controller 228 controls the  multiplexers 208 and 210 to provide the
sampled data to the latch elements 212 and  214. It should be understood
that there are a plurality of outputs from the first tier of  



the hierarchical multiplexer circuit, which provides sampled data from the
delay chain  206 to a plurality of logic elements. The sampled data from
the plurality of latch  elements are provided in parallel to a second tier
multiplexer of the hierarchical  multiplexer circuit, such as the second
multiplexer 216. The data may be provided to  another tier of the
hierarchical multiplexer circuit represented by an inverter 218 and a
buffer 220 coupled in parallel, which provide the sampled clock data to a
multiplexer -7 WO 2009/021186 PCT/US2008/072629  222. The delay chain
selection pointer controller 228 can control the multiplexer 222  via the
control line 236 to provide the sampled clock data to a latch element 224
and to the logic circuit 226. The logic circuit 226 is adapted to determine
whether the  clock edge was found at the sampling point within the delay
chain 206. [0034] The logic circuit 226 may provide an output, such as data
related to the  sampling point in the delay chain 206 via the output 246.
Additionally, the logic  circuit 226 may provide a delay chain pointer
adjustment 248 to the delay chain  selection pointer controller 228 to
adjust a sampling point of the multiplexers 208 and  210 to sample a
different point within the delay chain 206. Ina particular illustrative
embodiment, the sampling point in the delay chain 206 may indicate a clock
period  that is smaller than a nominal clock period, and the sampling point
may be adjusted  by selecting a different sampling point in the delay chain
to identify a second point  that is earlier in the delay chain than the
initial point. The sampling point in the delay  chain 206 may represent an
expected distance along the delay chain 206 traveled by  the edge of the
clock signal based on the nominal clock frequency. [0035] In a particular
illustrative embodiment, if the logic circuit 226 determines that  the
clock edge was not found at the sampling point within the delay chain 206,
the  logic circuit 226 may alter the sampling point to sample at a
different point of a clock  having a period that is less than or greater
than the expected clock period, depending  on the value of the sampled
data. In particular, if the rising clock edge did not reach  the sampling
point, the logic circuit may provide a delay chain pointer adjustment 248
to compensate for a shorter clock period. The circuit device 200 can
perform the  process again, by controlling the multiplexers 208, 210, 216,
and 222 of the  hierarchical multiplexer circuit to sample at the adjusted
sampling point. [0036] Once the logic circuit 226 locates the clock edge
within the delay chain 206,  



the logic circuit 226 may adjust the variable clock delay 204 via the clock
delay  adjustment feedback signal 235 to adjust the input clock signal by a
known time  increment, such that the clock signal transitions in the delay
chain 206 at an adjusted  time (i.e., To+AT), where To represents the
propagation/insertion delay from the  beginning of the delay chain 206 to
the sampling point in the delay chain 206 before  the input clock signal is
adjusted. The delay chain selection pointer controller 228  can resample
the clock signal at the sampling point within the delay chain 206 to  more
accurately determine the clock edge. -8 WO 2009/021186 PCT/US2008/072629
[0037] The variable clock delay element 204 is coupled to an input of the
delay chain 206 to offset the received clock signal by a known time
increment with high precision  to alter a time at which clock signal is
received at the delay chain 206. By adjusting  the variable clock delay
204, the granularity of the delay chain 206 is effectively  enhanced or
refined. The variable clock delay 204 thereby provides a mechanism for  the
circuit device 200 to provide small precise clock adjustments during the
clock  edge detection process. In particular, the input clock signal can be
adjusted by an  increment that is less than the delay introduced by each
delay element of the delay  chain 206. For example, if each delay element,
such as the inverter 238, introduces a  20-picosecond delay, the variable
clock delay element 204 can introduce a 5- picosecond delay (a delay having
a known time increment) to determine whether the  clock edge is pushed to
the next sampling point within the delay chain, reducing a  margin of error
of the clock edge detection to plus or minus 5 picoseconds, without  having
to add additional sampling points. While a delay of 5 picoseconds is
described, it should be understood that other time increments may also be
used. [0038] Thus, the logic circuit 226, by providing the delay chain
pointer adjustment  248, can sample different points within the delay chain
206 and may control the delay  chain selection pointer controller 228 to
provide an iterative adjustment of the  hierarchical multiplexers to sample
different points along the delay chain. The  iteratively adjusted samples
of the received clock signal can be used to find the first  clock edge
signal, so that the edge of the clock signal is detected in order to
account  for jitter (i.e., fluctuations in the timing of the clock edge).
[0039] The logic circuit 226 can optionally refine the edge detection by
providing a  



clock delay adjustment feedback signal 235 to adjust the variable clock
delay 204.  The logic circuit 226 can use the adjusted clock to determine
more precisely the  transition of the clock signal. For example, the logic
circuit 226 may adjust the  variable clock delay 204 by a first fraction of
the delay period (i.e., a fraction of a  delay introduced by each delay
element of the delay chain 206). The logic circuit 226  may then re-sample
the adjusted clock to detect the edge of the clock. If the detected  edge
of the clock signal still has an uncertainty in the measurement that
exceeds a  threshold uncertainty, the logic circuit may adjust the variable
clock delay 204 by a  second fraction that is smaller than the first
fraction. The logic circuit 226 can  iteratively adjust the variable clock
delay 204 until an edge of the clock is determined  to a desired level of
precision. -9 WO 2009/021186 PCTIUS2008/072629  [0040] During a last
iteration, the logic circuit 226 can provide an output 246, indicating that
the edge of the clock signal was detected to a desired level of  precision.
In a particular illustrative embodiment, the logic circuit 226 can provide
a  control signal indicating a shortest detected clock period based on the
clock jitter. The shortest detected clock period may indicate a worst case
clock period. Additional  circuit elements may use such information to
perform useful functions such as to  adjust a frequency of an operating
clock or to adjust a voltage of a circuit. For  example, an adaptive
voltage and frequency control circuit may be provided that can  utilize the
detected clock period to adjust a clock frequency or a voltage. Such
adjustments to frequency or voltage may be used to provide more accurate
timing and  may thereby allow a resulting circuit to be tuned for improved
performance, power  savings, or any combination thereof. [0041] In general,
it should be understood that the first tier of multiplexers (e.g., the
multiplexers 208 and 210) within the hierarchical multiplexer circuit can
be  implemented using a plurality of multiplexers having approximately
equal numbers of  inputs that are coupled to a plurality of different
points within the delay chain 206. In  a particular illustrative
embodiment, by utilizing approximately equal numbers of  inputs for each
multiplexer of the first tier of multiplexers, a delay through the first
tier of multiplexers (i.e., multiplexers 208 and 210) can be balanced. In a
particular  embodiment, the multiplexers may be eight-to-one multiplexers
and sixteen  



multiplexers may be used to sample 128 points within the delay chain 206.
In another  particular embodiment, a larger number of multiplexers may be
used to sample more  points in the delay chain. Additionally, it should be
understood that, while only a  single second tier multiplexer 216 is shown,
the second tier of multiplexers may  include one or more multiplexer
components. In a particular illustrative embodiment,  the hierarchical
multiplexer circuit may include multiple tiers of multiplexers. 100421 In
general, depending on the particular implementation, the sampling point
signal arrival time may be initially selected to be greater than, equal to,
or smaller  than a nominal clock period. A sampling point within the delay
chain 206 may be  selected based on the expected sampling point signal
arrive time. Based on a received  clock signal, other sampling points may
be iteratively selected (either earlier or later  within the delay chain
206) until a desired portion of the received clock signal is  detected at
the particular sampling point. In a particular illustrative embodiment, the
desired portion of the received clock signal may be a rising edge of the
clock signal. -10 WO 2009/021186 PCT[US2008/072629  In another particular
illustrative embodiment, the desired portion of the received clock  signal
may be a falling edge. In still another particular illustrative embodiment,
the  desired portion of the clock signal may be a level portion. In this
particular instance,  multiple sampling points may be used to determine a
pulse width of the level portion  of the clock signal, for example. In
either case, a clock jitter value maybe determined  based on deviation of
the desired portion of the received clock signal from the  respective
desired portion of a nominal clock signal. [00431 In a particular
illustrative embodiment, the circuit device 200 may be used to  measure
clock jitter in relative units of circuit delay. In a particular
illustrative  embodiment, a minimum clock period may be determined. In
another particular  illustrative embodiment, the circuit device 200 may be
used to track clock variations  in relative units of circuit delay rather
than in units of time. However, logic may be  utilized to convert a
measured circuit delay to time units via a calibration. [00441
Additionally, while the discussion of FIG. 2 indicates a hierarchical
arrangement of multiplexers for sampling the clock signal, it should be
understood  that there are many different circuit configurations that may
be used to sample the  clock signal. For example, the multiplexers 208 and
210 maybe replaced with a  



single multiplexer having a number of inputs that correspond to the number
of sample  points within the delay chain 206. [00451 Referring to FIG. 3, a
system 300 is shown that includes a circuit device 302.  The circuit device
302 includes a clock circuit 306, a clock control circuit 312, a logic
circuit 310, a clock jitter test circuit 304, a power control circuit 314,
a power circuit  316 and other circuit elements 308. The clock circuit 306
is responsive to the clock  control circuit 312 and can provide an output
(such as a clock signal) to the other  circuit elements 308. The clock
jitter tester circuit 304 maybe coupled to the output  of the clock circuit
306 to test the clock signal to determine a clock period. The clock  jitter
tester circuit 304 provides an output to logic circuit 310, which can
determine  whether the clock period of the clock signal from the clock
circuit 306 matches an  expected value. When the clock edge is not detected
or if the clock edge is not  received at an expected time, the logic
circuit 310 may adjust a sampling point within  the clock jitter test
circuit 304 to measure the clock period that includes clock jitter. 10046]
Once the logic circuit 310 detects the measured clock period, the logic
circuit  310 may adjust the clock control circuit 312 to control the clock
circuit 306. The  logic circuit 310 may provide a first output to the clock
control circuit 312 and a  -11 WO 2009/021186 PCT/US2008/072629  second
output to the power control circuit 314. In a particular embodiment, the
logic  circuit 310 provides an adjustment signal to the clock control
circuit 312 to control the  clock circuit 306. The logic circuit 310 may
also provide information related to a  detected clock period after
performing the clock jitter test circuit measurement to the  power control
circuit 314, which can use the detected clock period information from  the
logic circuit 310 to provide a control signal to the power circuit 316. In
a  particular illustrative embodiment, the logic circuit 310 may provide
information  related to the clock period to the power control circuit 314,
which may use such  information to control the power circuit 316, and an
adjusted power or other control  signal may be provided to other circuit
elements 308 within a system, such as a  system-on-a-chip (SOC) device.
[00471 In a particular illustrative, non-limiting embodiment, the logic
circuit 310 may  provide information related to the measured clock period
to the power control circuit  314. The power control circuit 314 can use
such information, for example, to adjust  



power to other circuit elements 308. Alternatively, the power control
circuit 314  could provide additional power to the clock control circuit
312, to the clock circuit  306, or any combination thereof (connection not
shown) to provide additional power  to the clock circuit 306 to potentially
reduce the clock jitter. [00481 Referring to FIG. 4, a portion of a
representative clock signal 400 is shown.  The clock signal 400 is at a
logic level high at 402 and transitions to a logic level low  beginning at
406. The clock signal 400 is shown on a grid that illustrates a plurality
of sampling points taken between delay elements, which represent a delay
such as  delay 404. The transition point 406 of the clock signal 400 occurs
within a window  between sampling points as indicated at 408. Since the
transition 406 occurs between  sampling points, as shown, the precision of
the sampled transition point is known  within a margin that is defined by
the sampling window 408. [0049[ Referring to FIG. 5, the clock signal may
be delayed using a variable delay  element, such as the variable clock
delay 204 in FIG. 2, to provide a delayed version  of the clock signal 500.
In particular, the variable delay element may insert a known  time offset
to the clock signal at the input of the delay chain. The delayed clock
signal 500 may be delayed by a time increment (time offset) that is known
precisely.  As shown in FIG. 5, the delayed clock signal 500 is a delayed
version of the clock  signal 400 (in FIG. 4) that has been delayed by a
time increment (OT) indicated at  506, such that the transition point from
the logic level high 502 to the logic level low -12 WO 2009/021186
PC1/US2008/072629  of the delayed clock signal 500 occurs at a point 508,
which corresponds to a sampling point 510. By inserting a precise time
offset, the transition of the clock edge  point 508 may be determined with
a greater degree of accuracy than the delay  elements of the delay chain
(such as the delay chain 206 in FIG. 2) might otherwise  allow. [0050]
Referring to FIG. 6, a method of detecting a clock period and determining
clock jitter, such as through use of the circuit device in FIG. 2, is
illustrated. The  method includes receiving a clock signal at a delay chain
of a circuit device, as shown  at 602. In a particular illustrative
embodiment, the circuit device may include a clock  generator, which sends
the clock signal to the delay chain. The method further  includes sampling
the clock signal at a selected point within the delay chain, at 604,  



and determining a value of the clock signal at the selected point, as shown
at 606. In  a particular illustrative embodiment, the selected point is a
sampling point within the  delay chain. The sampling point may initially
represent a sampling point within the  delay chain where a desired portion
of an expected nominal clock signal should be  detected. The desired
portion may be a rising edge, a falling edge, or a level portion  of the
clock signal. In a particular illustrative embodiment, the blocks indicated
at  604 and 606 may be combined. In another particular embodiment, the
value of the  clock signal at the selected point may be determined by
calculating, scaling,  interpolating, or otherwise processing the value of
the clock signal sampled at 604. [0051] Proceeding to 608, the value of the
clock signal at the sampling point is then  compared to determine whether
the value of the clock signal represents a desired  portion (e.g., a rising
edge, a falling edge, a level portion). If the value of the clock  signal
indicates that the desired portion is detected, then the method proceeds to
block  612. If the clock value indicates that the desired portion is not
detected, then the  method proceeds to block 610 where a new sampling point
is selected within the  delay chain. The method returns to 602 and
processing continues. If, initially, the  value of the clock signal
indicates that a desired portion is not detected, as shown at  610,
subsequent processing occurs at different sampling points within the delay
chain  until the desired portion of the clock signal is finally detected at
608. Then, the  method continues to 612. [0052] Once the sampled value
indicates that the desired portion has been detected,  the sampled value is
then compared to a desired level of precision at decision step  612. If the
desired level of precision is not accomplished, then the method proceeds
13 WO 2009/021186 PCTIUS20081072629  to step 614 where the clock input is
delayed by a known time increment (AT). After  the clock input is delayed
by the known time increment (AT), the method returns to  step 602 for
further processing. [00531 When the clock edge is determined at a desired
level of precision, at 612, the  method continues to 616 where a jitter
clock period has been determined (i.e.,  measured) based on the position of
clock edge within the delay chain and based on the  known time increment
(AT). In addition, the method proceeds to 618 where the clock  jitter is
determined based on a difference between the measured jitter clock period
and  



a nominal clock period. The method ends at 620 after the jitter clock
period and the  difference between the jitter clock period and the nominal
clock period have been  determined. Thus, the method can provide both a
detected jitter clock period and a  difference of the detected jitter clock
period from a nominal clock period to identify a  jitter error measurement.
[00541 The clock period is determined based on detection of an edge of the
clock  signal at a selected point of a delay chain. In addition, the clock
period is determined  at a specific time (representative of a
propagation/insertion delay from the beginning  of the delay chain to the
sampling point within the delay chain) based on a value  determined from a
specific point within the delay chain that indicates the edge of the  clock
signal. Further, an error margin associated with the detection of clock
edge is  known based on the delays introduced by elements within the delay
chain 206, and  the error margin may be reduced by shifting a time at which
a clock signal is received  at the delay chain by a known time increment,
such as by use of a high precision  variable clock delay element 204 as
shown in FIG. 2. In addition, to increase  precision, the known time
increment of the variable delay element can be a fraction of  the delay
time of one of the invertors within the delay chain. In addition, after the
jitter clock period and a difference between the jitter clock period and a
nominal clock  period have been determined, the resulting information may
be used to control a  frequency of an operating clock or may be used to
control voltage of the operating  clock or of other circuit components.
[0055] For the clock jitter determination, the initial sampling point can
be a point in a  delay chain that represents a propagation/insertion delay
that is greater than a nominal  clock period, where the nominal clock
period is based on an expected frequency of  the clock signal. In this
example, the adjustment of the selection point includes  sampling the clock
signal at the selected point in the delay chain, and iteratively -14 WO
2009/021186 PCT/US2008/072629  adjusting the selected point to until an
edge of the clock signal is detected. In a  particular illustrative
embodiment, a logic circuit initially selects a point in the delay  chain
that is greater than an expected clock period and, if the clock edge is not
detected, the logic selects a second point in the scan chain and determines
a value of  the clock signal at the second point. If the clock edge is not
found, the logic adjusts 



the sampling point in the scan chain again. Thus, the selected point is a
point within  the delay chain that is related to an expected distance
traveled along the delay chain  by the edge of the clock signal based on
the nominal clock frequency, and such  selected point can be iteratively
adjusted to earlier points in time to find the transition  edge of the
clock signal in order to perform the jitter clock detection. [00561
Referring to FIG. 7, in another illustrative embodiment, a method of
controlling an operating clock of a circuit based on a detected jitter
measurement is  shown. The method includes receiving a clock signal at a
delay chain of a circuit  device, at 702, and locating an edge of the clock
signal within the delay chain to  determine a clock period of the clock
signal, at 704. Locating the edge of the clock  signal includes sampling a
clock signal at different points in the delay chain until the  clock edge
is located. The method further includes comparing the location of the  edge
of the clock signal to a location of an expected edge of a nominal clock
signal to  determine a clock jitter value, at 706, and controlling an
operating clock or an  operating voltage of the circuit device based on the
clock jitter value, at 708. The  method terminates at 710. [00571 In a
particular illustrative embodiment, the selected point for purposes of the
measurement is a point within the delay chain that is greater than the
sampling point  associated with a nominal clock period. Once the clock
period accommodating for  the jitter measurement is determined, the voltage
or frequency of the operating clock  signal may be adjusted as described.
In a particular embodiment, the frequency of the  operating clock may be
reduced when the clock jitter exceeds a pre-determined  threshold value. In
addition, the voltage of the operating clock may be increased  when the
clock jitter exceeds the pre-determined threshold. Thus, the frequency and
voltage of the operating clock may be adjusted based on the measured clock
jitter of  the operating clock signal. [00581 In addition, the disclosed
system and method provide a means for determining  a shortest clock period
when a selected point from a delay chain indicates an edge of  the clock
signal and for determining a jitter value based on a difference between the
-15 WO 2009/021186 PCT/US2008/072629  shortest clock period and a nominal
clock period. In addition, the disclosed system  provides means for
controlling the frequency, the voltage, or any combination thereof  



of an operating clock based on the measured jitter value. An example of the
means for adjusting the selected point is a logic circuit, such as the
logic circuit 310  illustrated in FIG. 3. [0059] In a particular
illustrative embodiment, a clock jitter test circuit, such as the  circuits
200 and 304 illustrated in FIGS. 2 and 3, may be utilized during a
manufacturing process to sort circuit devices into different bins based on
a tested  performance. For example, circuit devices that indicate a high
incidence of jitter  based on a difference between a detected clock period
with jitter and a nominal clock  period that exceeds a threshold difference
may be sorted for use in lower performance  circuit devices. Alternatively,
such devices may be reworked or destroyed, depending  on the circuit.
[0060] Additionally, while the hierarchical multiplexer circuit of FIG. 2
illustrates  only two levels of hierarchical multiplexer components, one or
more multiplexer tiers  may be used. In a particular illustrative
embodiment, multiple multiplexer tiers are  used. Additionally, the number
of first tier multiplexer devices may vary depending  on the number of
sampling points and the degree of accuracy. Additionally, other  delay
elements may be used that have longer or shorter delay periods, depending
of  the required degree of accuracy and the cost (both in terms of
financial costs and  circuit area usage costs). Additionally, embodiments
of the clock jitter determination  circuit can be used to determine a clock
jitter value to a high degree of accuracy, by  adjusting a variable clock
delay element, such as the variable clock delay 204 in FIG.  2, until the
transition point of the clock edge is detected to a desired degree of
accuracy. By determining the clock jitter to such a level of accuracy,
circuit designers  can provide for a smaller clock jitter margin to enhance
operating clock speeds for  circuit devices. [0061] Additionally, since the
clock jitter detection circuit uses multiplexers to  selectively sample the
delay chain, the detection circuit can occupy a relatively small  area of
the overall circuit without reducing the number of potential sampling
points.  While conventional jitter detection circuits include separate
latch circuits for each  sampling point, the multiplexers allow
measurements from selected sampling points  to be latched rather than
latching measurements for each sampling point, thereby  reducing the number
of latch circuits used to measure clock jitter and reducing the -16 



WO 2009/021186 PCT/US2008/072629  circuit area used to take such
measurements. Further, the clock jitter determination  circuit can be used
to adjust a voltage or frequency an operating clock for the circuit or for
another circuit to enhance performance and conserve clock power based on
the  clock jitter determination. [0062] In conjunction with the circuit
devices, methods and systems described, a  clock jitter measurement circuit
may be utilized to measure a clock period associated  with a received clock
signal based on the detection of a desired value at a particular  sampling
point. A difference between an expected nominal clock signal and a
received clock signal may be determined based on the detection. In a
particular  illustrative embodiment, the difference may represent a jitter
value of the clock signal,  which may be used to adjust power to a clock
generator circuit, to adjust power to  other circuit elements, to alter a
frequency of the clock signal, or any combination  thereof. It should be
understood that the desired portion of the clock signal may be a  rising
edge or a falling edge of the clock signal. In a particular illustrative
embodiment, the desired portion of the clock signal may be level portion of
the clock  signal. Ina particular illustrative embodiment, clock jitter
maybe determined from  early clock edges, late clock edges, or any
combination thereof. [0063] Additionally, while many of the examples
described the measurements in  terms of time, the term "time", as used
herein, is a relative unit of measurement. In a  particular embodiment,
time may be represented in terms of absolute time (e.g.,  seconds,
microseconds, nanoseconds, picoseconds, etc.). In another particular
illustrative embodiment, time may be represented in terms of relative units
of circuit  delay. In still another particular illustrative embodiment,
time may be indicated using  another unit of measure. In yet another
particular illustrative embodiment, time may  be a calculated value that is
based on one or more of the absolute time, the relative  time, and another
unit of measure. [0064] FIG. 8 illustrates an exemplary, non-limiting
embodiment of a portable  communication device that is generally designated
800. The portable  communications device 800 includes an on-chip system 822
that includes a processor,  such as a digital signal processor 810 having a
clock jitter determination circuit 811  (as described with respect to FIGS.
2-3 and 6-7). FIG. 8 also shows a display  controller 826 that may be
coupled to the digital signal processor 810 and to a display  



828. Moreover, an input device 830 is coupled to the digital signal
processor 810.  Additionally, a memory 832 is coupled to the digital signal
processor 810. A -17 WO 2009/021186 PCTIUS2008/072629  coder/decoder
(CODEC) 834 can also be coupled to the digital signal processor 810. A
speaker 836 and a microphone 838 can be coupled to the CODEC 834.  100651
FIG. 8 also indicates that a wireless controller 840 can be coupled to the
digital signal processor 810 and to a wireless antenna 842. In a particular
embodiment, a power supply 844 is coupled to the on-chip system 822.
Moreover, in  a particular embodiment, as illustrated in FIG. 8, the
display 828, the input device  830, the speaker 836, the microphone 838,
the wireless antenna 842, and the power  supply 844 are external to the
on-chip system 822. However, each is coupled to a  component of the on-chip
system 822. [0066] In a particular illustrative embodiment, the clock
jitter determination circuit  811 may be used to monitor clock jitter of an
operating clock and may be used to  dynamically adjust clock power, circuit
power consumption, or a frequency of an  operating clock based on the
detected jitter. The clock jitter determination circuit 811  may be used to
enhance overall performance of the portable communications device  800. In
particular, the clock jitter determination circuit 811 may produce jitter
information that can be used by control circuitry, such as the clock
control circuitry  (such as the clock control circuit 312 illustrated in
FIG. 3), or by control logic within  the DSP 810, to increase the processor
speed (i.e., reducing clock jitter margin of  error overhead to allow for
enhanced performance), to adjust an operating clock (i.e.,  slowing the
operating clock slightly to reduce jitter, for example), to adjust power
consumption, or any combination thereof. [0067] It should be understood
that while the clock jitter determination circuit 811 is  shown within the
digital signal processor 810, the clock jitter determination circuit  811
may be provided in other components, including the display controller 826,
the  wireless controller 840, the CODEC 834, or any other component that
performs  operations that may be effected by clock jitter. [0068] Those of
skill would further appreciate that the various illustrative logical
blocks, configurations, modules, circuits, and algorithm steps described in
connection  with the embodiments disclosed herein may be implemented as
electronic hardware,  



computer software, or combinations of both. To clearly illustrate this
interchangeability of hardware and software, various illustrative
components, blocks,  configurations, modules, circuits, and steps have been
described above generally in  terms of their functionality. Whether such
functionality is implemented as hardware  or software depends upon the
particular application and design constraints imposed on  -18 WO
2009/021186 PCTIUS2008/072629  the overall system. Skilled artisans may
implement the described functionality in  varying ways for each particular
application, but such implementation decisions should not be interpreted as
causing a departure from the scope of the present  disclosure. [00691 The
steps of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a
software  module executed by a processor, or in a combination of the two. A
software module  may reside in RAM memory, flash memory, ROM memory, PROM
memory,  EPROM memory, EEPROM memory, registers, hard disk, a removable
disk, a CD- ROM, or any other form of storage medium known in the art. An
exemplary storage  medium is coupled to the processor such that the
processor can read information from,  and write information to, the storage
medium. In the alternative, the storage medium  may be integral to the
processor. The processor and the storage medium may reside  in an ASIC. The
ASIC may reside in a computing device or a user terminal. In the
alternative, the processor and the storage medium may reside as discrete
components  in a computing device or user terminal. [00701 The previous
description of the disclosed embodiments is provided to enable  any person
skilled in the art to make or use the disclosed embodiments. Various
modifications to these embodiments will be readily apparent to those
skilled in the art,  and the generic principles defined herein may be
applied to other embodiments  without departing from the spirit or scope of
the disclosure. Thus, the present  disclosure is not intended to be limited
to the embodiments shown herein but is to be  accorded the widest scope
possible consistent with the principles and novel features as  defined by
the following claims. -19 CLAIMS  



1. A method comprising: receiving a clock signal at a delay chain of a
circuit device; latching a sampled value at a selected point of the delay
chain, wherein the latched  sampled value corresponds to a value of the
clock signal along the delay chain;  and adjusting the selected point when
the latched sampled value does not indicate detection of  a desired portion
of the clock signal; and applying a variable delay to the clock signal at a
clock delay element coupled to an input  of the delay chain. 2. The method
of claim 1, wherein the desired portion comprises one of a rising edge, a
falling edge, and a level portion of the clock signal. 3. The method of
claim 1, further comprising determining a clock period when the  latched
sampled value indicates detection of the desired portion of the clock
signal. 4. The method of claim 3, further comprising: determining an error
margin associated with the detection of the desired portion of the  clock
signal; and shifting a time at which the clock signal is received at the
delay chain by a known time  increment when the error margin is greater
than an error threshold. 5. The method of claim 4, wherein the delay chain
comprises a plurality of delay  elements, wherein each delay element
introduces a delay time, and wherein the known time  increment comprises a
fraction of the delay time. 6. The method of claim 3, further comprising
determining ajitter value based on a  difference between the determined
clock period and a nominal clock period. 20 7. The method of claim 3,
further comprising controlling a frequency of an operating  clock based on
the clock period. 8. The method of claim 3, further comprising controlling
a voltage of an operating clock  based on the clock period. 9. The method
of claim 1, wherein the selected point initially comprises an initial point
in the delay chain that is greater than a nominal period of a clock that
provides the clock signal,  and wherein adjusting comprises decrementing
the selected point in the delay chain to identify a  second point that is
earlier in the delay chain than the initial point. 10. The method of claim
1, further comprising: 



providing a second sampled value of the clock signal at a second point; and
adjusting the second point when the second sampled value does not indicate
detection of  the edge of the clock signal. 11. The method of claim 1,
wherein the selected point initially comprises a point in the  delay chain
that is less than an expected period of a clock that provides the clock
signal, and  wherein adjusting comprises incrementing the selected point in
the delay chain by selecting a  different sampling point in the delay chain
that is later in the delay chain than the initial point. 12. The method of
claim 1, wherein the selected point comprises a point within the delay
chain that is related to an expected distance traveled by the clock signal
along the delay chain  based on a nominal clock frequency. 13. The method
of claim 1, further comprising: latching multiple sampled values at
multiple selected points of the delay chain, wherein  each latched sampled
value corresponds to a value of the clock signal along the  delay chain.
14. A circuit device, comprising: 21 a delay chain comprising a plurality
of delay elements, the delay chain responsive to a  clock signal; a
hierarchical multiplexer circuit including: a first tier multiplexer
circuit configured to receive a value of the clock signal at a  selected
point between the delay elements and to provide a sampled value  of the
clock signal; a latch circuit configured to receive the sampled value of
the clock signal and to  provide a latched sampled value of the clock
signal; a logic circuit coupled to the hierarchical multiplexer circuit and
configured to control the  hierarchical multiplexer circuit to adjust the
selected point when the latched  sampled value does not indicate an edge of
the clock signal; and a clock delay element coupled to an input of the
delay chain to apply a variable delay to  the clock signal. 15. The circuit
device of claim 14, wherein the hierarchical multiplexer circuit comprises
a plurality of multiplexers, wherein each of the plurality of multiplexers
includes multiple inputs  coupled to different points in the delay chain.
16. The circuit device of claim 15, wherein each of the plurality of
multiplexers includes  



an equal number of inputs. 17. The circuit device of claim 15, wherein the
hierarchical multiplexer circuit further  comprises at least one second
multiplexer including multiple inputs responsive to a respective  output of
each of the plurality of multiplexers. 18. The circuit device of claim 14,
wherein the hierarchical multiplexer circuit includes a  second tier
multiplexer circuit configured to receive the latched sampled value of the
clock  signal. 19. The circuit device of claim 14, wherein the hierarchical
multiplexer circuit  comprises: 22 a first plurality of multiplexers, each
multiplexer of the first plurality of multiplexers  including an equal
number of inputs coupled to different points within the delay  chain, each
multiplexer of the first plurality of multiplexers including a selection
input; and at least one second multiplexer including a second plurality of
inputs coupled to  respective outputs of the first plurality of
multiplexers, the at least one second  multiplexer including a selection
input responsive to the logic circuit and having  an output to provide the
latched sample value related to the selected point of the  delay chain to
the logic circuit. 20. The circuit device of claim 14, further comprising a
clock delay element coupled to  an input of the delay chain to shift the
clock signal by a known time increment to alter a time at  which the clock
signal is received at the delay chain. 21. The circuit device of claim 14,
wherein the logic circuit determines a clock period  when the selected
point indicates an edge of the clock signal. 22. The circuit device of
claim 21, wherein the logic circuit adjusts a frequency of an  operating
clock based on a difference between a nominal clock period and the
determined clock  period. 23. The circuit device of claim 21, wherein the
logic circuit adjusts a voltage of an  operating clock based on a
difference between a nominal clock period and the determined clock  period.
24. A method comprising: receiving a clock signal at a delay chain of a
circuit device; determining a location of an edge of the clock signal
within the delay chain to determine  



a detected clock period of the clock signal, wherein locating the edge of
the clock  signal comprises: 23 latching a sampled value of the clock
signal at a selected point of the delay chain,  wherein the latched sampled
value corresponds to a value of the clock  signal along the delay chain;
iteratively determining the value of the clock signal at the selected point
within  the delay chain; adjusting the selected point until the value
indicates an edge of the clock signal;  applying a variable delay to the
clock signal at a clock delay element coupled to  an input of the delay
chain; and comparing the location of the edge of the clock signal with a
location of an edge of a  nominal clock signal to determine a clock jitter
measurement. 25. The method of claim 24, wherein the selected point
comprises a point within the  delay chain related to a nominal clock
period. 26. The method of claim 24, further comprising controlling a
frequency of an operating  clock based on the clock jitter measurement. 27.
The method of claim 26, further comprising reducing a frequency of the
operating  clock when the clock jitter measurement exceeds a predetermined
threshold. 28. The method of claim 24, further comprising controlling a
voltage of an operating  clock based on the clock jitter measurement. 29.
The method of claim 28, wherein controlling the voltage comprises reducing
a  voltage level of the operating clock when the clock jitter measurement
exceeds a threshold.  30. A processor device, comprising: means for
receiving a clock signal at a delay chain of a circuit device; means for
latching a sampled value at a selected point of the delay chain, wherein
the  latched sampled value corresponds to a value of the clock signal along
the delay  chain; and 24 means for adjusting the selected point when the
latched sampled value does not indicate  an edge of the clock signal; and
means for applying a variable delay to the clock signal at a clock delay
element coupled  to an input of the delay chain. 



31. The device of claim 30, further comprising means for determining a
shortest clock  period when the latched sampled value indicates an edge of
the clock signal and for determining  ajitter value based on a difference
between the shortest clock period and a nominal clock period. 32. The
device of claim 31, further comprising means for controlling a frequency of
an  operating clock based on the jitter value. 33. The device of claim 31,
further comprising means for controlling a voltage of an  operating clock
based on the jitter value. 34. The device of claim- 30, wherein the means
for adjusting the selected point comprises  a logic circuit. 25 


